average read length accuracy values to those obtained using the other two longread sequencing protocols supported by the manufacturer. In addition, per-base quality value scores (QV20) were generated by the KB basecaller. Our findings are summarized in Table 2 .
The advantages of incorporating this protocol are numerous. First, throughput can be substantially increased in comparison to other supported long-read sequencing protocols. When using a POP-4/80-cm array protocol, 96 samples can be processed in 24 h, while the POP-6/50-cm array method has a 24-h throughput of 144 samples. In contrast, our modified POP-7 protocol, with its faster run times, provides sequence data for 176 samples per day. Second, the polymer is one of the most expensive consumables associated with capillary-based sequencing. POP-7 is approximately one-fourth the cost of either POP-4 or POP-6, and its use can significantly improve the cost-effectiveness of sequencing with the 3100 Genetic Analyzer. Third, in our experience, POP-7 appears to have a lower incidence of artifactual "spikes" in sequencing data. Spikes appear as wide, multicolored peaks that can obscure nucleotides and are thought to be caused by microbubbles or particles within the polymer that pass by the detector. The KB basecaller included in Sequencing Analysis v5.1 has a built-in "despiking" algorithm (http://docs.appliedbiosystems.com/pebiodocs/00106525. pdf); this algorithm can often subtract these spikes, but some are too large to be accurately corrected. With POP-7, the overall occurrence of these artifacts appears to be greatly reduced, with a subsequent decline in the number of reruns that may have to be performed to clarify affected samples.
In summary, our modified POP-7 sequencing protocol provides a practical alternative for DNA sequencing facilities wishing to maximize the performance of their 3100 Genetic Analyzer. Using the latest polymer, POP-7, in conjunction with the most recent version of Sequencing Analysis software (v5.1), we have been able to increase throughput, reduce operating costs, and improve the overall efficiency of our 3100 Genetic Analyzers. (4) ; and yet others, encoding recognition sites for restriction enzymes, create multicloning sites.
Introduction of such sequences into plasmids is commonly used to create reporter genes for transcriptional research, for expression and purification of recombinant proteins, and for other purposes. In many cases, a particular number of repeats in a particular orientation is preferable or even required. However, no straightforward, reliable method for controlling the number and orientation of those short sequences is currently available.
Some attempts were made to develop systematic methods for controlling the insertions of DNA in tandem repeats (5−8) . A basic useful method is to design the desired oligonucleotide carrying the short sequence (the insert) with flanking-compatible cohesive ends (7). These oligonucleotides are then self-ligated to give rise to a series of DNA fragments, each with a random copy number and orientation of the insert. Different tricks could be applied to confirm the orientation of the inserts within the DNA fragments or to enforce a directional cloning (7) . Then, the self-ligation products are separated by gel electrophoresis and the chosen insert length is excised, purified, and ligated into the vector. This approach is quite useful for obtaining tandem repeats of the same oligonucleotide in the desired orientation, but it does BENCHMARKS not allow an absolute control over the number of the repeats obtained. More importantly, it does not provide a useful solution for cloning an array of oligonucleotides in a preplanned number, order, and orientation.
Here we describe a simple, straightforward procedure that requires only basic knowledge in cloning techniques for cloning oligonucleotides in the desired number, order, orientation, and combination. According to this procedure, the inserted oligonucleotide is composed of two single-stranded DNAs that fully hybridize, but leave unpaired bases (flanking, cohesive ends) at the 5′ and 3′ ends, that are compatible to restriction sites in the target vector. The compatible ends are planned in such a way that on one side a restriction site is eliminated upon ligation (for example BamHI ends ligated to BglII ends), whereas the site at the other end of the insert is recreated (XhoI in Figure 1 ). Following such a ligation, the new plasmid harbors the insert in the desired orientation with a recleavable site at one end. Yet, in order to enable another round of accurate cloning, the insert used in our method contains, in addition to the cohesive ends, a restriction site identical to the one that was destroyed in the ligation (BglII in Figure 1 ) close to the nondestroyed site (XhoI in Figure 1) . As a result, following the first ligation, the new plasmid harbors not only the insert in a preplanned orientation, but also the recreated juxtapositional sites of the two enzymes (BglII and XhoI in Figure  1 ), just as in the original plasmid.
In the next step, the new plasmid is digested using the same enzymes used for the first digestion (BglII and XhoI in Figure 1 ), and the same sequence can be inserted again to obtain two repeats of the same fragment. Alternatively, an insert containing a different sequence, but designed in an identical fashion to contain the BglII site and the compatible ends, can be inserted. Following this step, the plasmid contains two inserts of the desired sequences, orientation, and combination, and the original cloning sites are still intact and ready for the third round. At each ligation round, following transformation of Escherichia coli cells, positive colonies could be readily identified by PCR (Figure 2) . We termed the method the "controlled and ordered oligonucleotides ligations" (COOL) procedure.
We have applied the COOL procedure successfully for insertion of various repeats of an insert containing stress responsive elements [STREs (9)], upstream of the yeast CYC1 minimal promoter (9,10).We engineered BglII and XhoI sites upstream to the promoter (as in Figure 1 ) and designed oligonucleotides containing various combinations of the STREs and the AP1 responsive element (ARE), the BglII site, and the flanking ends of BamHI and XhoI (see Figure 1) . Figure 2 shows an example of a series of plasmids containing from one to four repeats of the same insert after four rounds of the procedure. We have similarly constructed other plasmids with a combination of inserts, with different copy numbers and orientations. We also engineered the BglII-XhoI sites upstream to the minimal promoter of the Although examples shown here are of plasmids used in yeast, the COOL procedure could be applied in any system. Notably, although BamHI, BglII, and XhoI were used as examples here, any combination of restriction enzymes is valid for the procedure. We are using the procedure routinely for short sequences (up to 70 bp), but the procedure could be applicable to an insert of any length. It should be noted, however, that if long sequences are used, in particular in several repeats, verification by sequencing could be problematic. It is recommended for these cases to apply one unique insert (using the COOL procedure) that possesses a sequence that does not appear in other repeats and could serve as a recognition site for a sequencing primer. Figure 1 ) was inserted in four cycles to the BamHI + XhoI digested -178(CYC1)-LacZ plasmid (10) . PCRs, with primers that recognize sequences upstream and downstream to the ligation sites, were performed on plasmids isolated in each cycle. PCR products were separated on 2% agarose gel and visualized on a UV Mice are a powerful genetic system for investigating human biology. The ability to express genes in specific tissues using transgenic mice and target mutations to any gene by homologous recombination in embryonic stem (ES) cells has greatly facilitated the functional genomic analysis of the mouse genome. However, it has become increasingly clear that the regulation of gene expression is complex and may require cis-acting elements that act at distances larger than most transgenic constructs. Bacterial artificial chromosome (BAC) clones are one possible solution to this problem. BAC clones are stably maintained in Escherichia coli and contain large inserts that are likely to contain all the cis-acting regulatory elements of a gene (1) . Unfortunately, the manipulation of BAC clones by conventional molecular biology techniques is difficult. To address this problem, several groups have developed strategies that utilize homologous recombination in bacteria as a method to manipulate BAC clones in several ways, including targeting mutations into BAC DNA, inserting selectable marker and other sequences into BACs, and cloning specific sequences from BACs (2, 3) . This type of manipulation has been termed recombineering. Several mechanisms have been employed to initiate homologous re-
